mergency departments (EDs) provide a pivotal role in the continuum of care for critically ill patients from the prehospital environment to the definitive setting of an intensive care unit (ICU). The management of critically ill patients is multidisciplinary and typically involves specialist physicians, nurses, other health professionals from the EDs, and inpatient teams.
Many EDs in the UK routinely monitor the outcomes of admissions with major trauma through the UK Trauma Audit & Research Network (formerly the Major Trauma Outcome Study). 1 In addition, certain aspects of the organisation and delivery of trauma services, both prehospital and in-hospital, on patient outcome have also been evaluated. These include prehospital issues such as paramedic versus non-paramedic attended patients [2] [3] [4] and ''scoop and run'' versus ''stay and play'', [5] [6] [7] [8] [9] and in-hospital issues such as outcomes for trauma patients 10 11 and regionalisation of trauma services. 12 13 Less work, however, has focused on critically ill patients admitted to ICU from the ED. Some studies have described subsets of emergency admissions requiring critical care [14] [15] [16] [17] [18] but none has considered all critically ill and injured patients as a group.
A large number of adult general ICUs in the UK collect data on the case mix and outcome of their admissions for participation in comparative audit. One such database is the national Case Mix Programme, coordinated by the Intensive Care National Audit & Research Centre (ICNARC). In the resultant high quality clinical database it is possible, retrospectively, to identify many admissions whose source of admission to ICU was the ED. Given that the care of critically ill patients is a key component of the workload in EDs, we investigated the case mix, outcomes, and activity for patients admitted to ICU from EDs.
METHODS

Database
Data were extracted from the 46 587 admissions to 91 ICUs in the Case Mix Programme Database (CMPD) covering the period 1996-99. Trained data collectors collected all the data according to precise rules and definitions. The data had undergone extensive external data validation before incorporation into the CMPD.
Data
We extracted data for admissions whose ''source of admission to ICU'' (SOURCE) or whose ''location immediately prior to source of admission to ICU'' (LPSOURCE) was the ED of the same hospital. SOURCE indicated the location of a patient immediately prior to admission to ICU and LPSOURCE the location of a patient immediately prior to SOURCE. We divided admissions into those admitted to ICU either directly or indirectly from EDs as identified by their two sequential locations prior to ICU admission (fig 1) .
A ''direct admission'' to ICU from the ED was defined as either an admission whose SOURCE was the ED (same hospital) or whose LPSOURCE was the ED (same hospital) and whose SOURCE was either theatre and recovery, x ray, endoscopy suite, computed tomography (CT) scanner or similar (same hospital), or other ICU (same or other hospital). Conversely, an ''indirect admission'' to ICU from ED was defined as an admission whose LPSOURCE was the ED (same hospital) and whose SOURCE was either a ward (same hospital), high dependency unit (HDU; same hospital) or other intermediate care area, such as coronary care unit (CCU; same or other hospital). The remaining admissions could not be identified as having been in the ED, and these were considered ''non-ED ICU admissions'' (fig 1) .
We extracted data regarding the case mix of admissions (age, past medical history, acute severity). Age (in years) was derived from the variables ''date of birth'' and ''date of admission to ICU''. We used the APACHE II criteria 19 to define a very severe past medical history-that is, the presence of at least one of 16 very severe chronic conditions. Acute severity was measured by the Acute Physiology Score (APS) and APACHE II score. 19 The former encompasses a weighting for acute severity (defined by derangement from the normal range for 12 physiological variables in the first 24 hours in the ICU), the latter encompasses a weighting for age, past medical history, acute severity, and surgical status. Given that two admissions with the same APACHE II score can have very different risks of death due to the reason for admission, 20 we used the APACHE II probability of hospital death (defined as death before discharge from hospital following intensive care) as an overall descriptor of severity of illness. Probabilities of hospital death were estimated using the UK APACHE II equation. 21 22 Subsequent readmissions to ICU were identified using the variables ''postcode'', ''date of birth'', and ''sex'' and confirmed by the participating ICUs. Admissions following cardiopulmonary resuscitation were defined as those with a ''Yes'' answer for the variable ''cardiopulmonary resuscitation (CPR) within 24 hours prior to admission to ICU''.
We extracted survival data (alive/dead) both at ICU and hospital discharge. For discharges transferred direct to another ICU either in the same or in another hospital, survival data (alive/dead) at ultimate discharge from ICU were extracted. Similarly, survival data (alive/dead) at ultimate discharge from an acute hospital were also extracted.
Data were extracted for the variables ''date of admission to hospital'' and ''date of admission to ICU''. For admissions transferred from another hospital/ICU, data for the variables ''date of original admission to hospital/date of original admission to ICU'' were used. Length of stay in ICU, in fraction of days, was calculated for ICU survivors using data for the variables ''date/time of admission to ICU'' and ''date/ time of discharge from ICU''. For discharges transferred directly to another ICU in either the same or another hospital, data for the variable ''date of ultimate discharge from ICU'' Indirect admissions n = 2879 Figure 1 Categorisation of direct and indirect admissions to the intensive care unit (ICU) from emergency departments (EDs), using source of admission. CT, computed tomography; ED, emergency department; HDU high dependency unit; ICU, intensive care unit.
were used to calculate, in days, total length of stay in ICU. Total length of stay in hospital was calculated, in days, using data for the variables ''date of admission to hospital'' and ''date of discharge from hospital''. For admissions transferred from another hospital, data for the variable ''date of original admission to hospital'' were used, and for discharges transferred to another acute hospital, data for the variable ''date of ultimate discharge from hospital'' were used.
Categorisation
We extracted and categorised the variable ''ultimate primary reason for admission'' into 39 groups, chosen to provide broader diagnostic headings as may be recognised in the emergency setting. The total numbers of patients for each category were calculated for the three routes of admission: directly from the ED, indirectly from the ED via a ward, and non-ED admissions (see Results table 2 ). In cases where the variable was incomplete, its components body system, anatomical site, and physiological/pathological process were used, where possible, to assign the admissions to appropriate categories. Admissions were assigned to additional categories ''unclassifiable'' and ''uncoded'' if the code was ambiguous or insufficient to infer presenting condition. A full listing of the categories and respective diagnoses is given in the Appendix (available online at http://www.emjonline.com/ supplemental/).
Analyses
We calculated the overall proportion of admissions to ICUs from EDs. Case mix, APACHE II probability of death, survival outcome, and activity (for example, length of stay in ICU and hospital) were described for patients admitted directly to ICU from EDs, patients admitted indirectly to ICU from EDs, and non-EDs ICU admissions.
RESULTS
Of 46 587 admissions to 91 adult ICUs in the CMPD, 12 268 (26.3%) admissions had been either directly or indirectly admitted to ICU from EDs. Of these, 9389 (76.5%) were identified as direct admissions and 2879 (23.5%) were indirect admissions (see Methods fig 1) . The remaining 34 319 admissions (73.7%) were not identified as having been in EDs (non-ED ICU admissions). Table 1 describes the case mix, outcome, and activity of direct, indirect, and non-ED admissions. Direct admissions to ICU were younger, with an increased proportion of paediatric admissions (defined as age under 16 years). The proportion of direct admissions with a defined, severe, past medical history 19 was half that of either indirect or non-ED ICU admissions.
Indirect admissions to ICU from EDs presented with greater acute physiological severity than direct and non-ED ICU admissions, measured over the first 24 hours of their ICU stay. When points were added for age and for the presence of a severe, past medical history (to yield the APACHE II score), a similar difference was found (table 1) . Cardiopulmonary resuscitation (CPR) was given to a greater proportion of admissions to ICU from EDs, both direct and indirect, than to non-ED ICU admissions. An overall measure of severity of illness, the median APACHE II probability of hospital death, indicated that indirect admissions to ICU from EDs presented in the ICU with the most severe case mix compared with direct and non-ED admissions (table 1) . Unit and hospital mortality were higher for admissions from EDs, both directly and indirectly admitted compared with non-ED ICU admissions. Indirect admissions to ICU from EDs experienced the highest unit (36.8%) and hospital (46.4%) mortality (table 1) .
Unsurprisingly, admissions to ICU from EDs were more likely to happen at night (2200 hours to 0659 hours) and at weekends (Saturday 0000 hours-Sunday 2359 hours) compared with non-ED ICU admissions, reflecting their unscheduled nature. Median stay in hospital, prior to admission to ICU, was lower for both direct and indirect admissions to ICU from EDs compared with non-ED ICU admissions. Considering survivors only, indirect admissions stayed longer both in ICU and in hospital compared with direct admissions (table 1) .
The primary reasons for admission for the three groups are categorised in table 2 (see Appendix (available online at http://www.emjonline.com/supplemental/) for categorisation). Trauma categories accounted for 25.6% of direct admissions but only 6.2% of indirect admissions to ICU from EDs. Poisoning (13.4%) and head/face trauma (12.4%) were the leading reasons for admission for direct admissions. Respiratory infections (17.3%) and circulatory collapse/shock (15.2%) were the leading reasons for admission for indirect admissions.
Surgical conditions were indicated as the primary reason for admission for only 16.5% of direct admissions and 15.7% of indirect admissions compared with 46.8% of non-ED ICU admissions. Neurosurgery was the single largest surgical category among direct admissions and hepatobiliary and pancreatic surgery was the single largest surgical category among indirect admissions, accounting for 6.2% and 4.7% of admissions, respectively (table 2).
DISCUSSION
Our results show that admissions to ICU from EDs constituted over a quarter of total admissions to ICU. There were three times as many direct admissions to ICU from EDs as indirect admissions. Admissions to ICU from EDs were more likely to be at night and at the weekend than other sources.
Whether a critically ill or injured patient admitted to ICU from the ED does so via a ward or not depends on factors which include the nature of the patient's condition, the severity and the perceived progression of the patient's physiology, the ability of the clinician to recognise or predict the need for intensive care, and competing demands on ICU services. In addition, whether a critically ill or injured patient in the ED is ever admitted to ICU depends on the local configuration of intensive care and high dependency services, and on the clinical course of the condition. Clearly patients who die or improve without admission to ICU are not captured by the methodology of this study, but may represent a significant workload both in EDs and on the wards. Without a prospective study, the magnitude and characteristics of this important group of patients will remain unknown.
It is evident from the differences in the primary reason for admission between the two groups that the patient's diagnosis is a key determinant between direct and indirect admission, with the higher proportion of trauma among direct admissions and the higher proportion of chronic conditions among indirect admissions (table 2) . There is face validity to the range and numbers of patients admitted directly and indirectly from ED to ICU, consistent with the clinical observation of the authors (HS, MC).
Indirect admissions to ICU from EDs, in the present data, frequently occurred soon after hospital admission (median 1 day in hospital) and presented at the ICU with the more severe case mix, often following CPR (one in six). Indirect admissions also experienced the higher unit and hospital mortality with the survivors staying longest in the ICU when compared with direct admissions.
Our results are consistent with the finding of other studies [23] [24] [25] that among ward patients who have a cardiac arrest or are admitted to ICU, deteriorating physiology may have been either unrecognised or inadequately treated for several hours. By inference from our data, some patients may be identifiable while still in the ED as benefiting from more aggressive management. In the absence of a validated predictive tool to qualify the need for ICU admission among critically ill or injured patients in the ED, the decision to admit to ICU or to a ward remains a matter of individual clinical judgement. This study may help guide clinical decision making by providing a quantitative description of the case mix and outcomes of the two principal routes of admission from the ED to ICU.
Limitations of the study This is the first major description of admissions to ICUs from EDs using a large, high quality, clinical database. However, inference about critically ill patients passing through EDs from a database of ICU admissions must be undertaken with care, and we would stress that there are important limitations to the study. Firstly, although the Case Mix Programme covers admissions to approximately 55% of adult general ICUs in England, Wales, and Northern Ireland, the study does not describe those critically ill or injured patients passing through EDs who improve or die in hospital without being admitted to ICU. The study therefore underrepresents the total workload of critical care patients managed in UK EDs. Although the net effect of the patients not captured on the outcome statistics is unknown, failure to include patients who improved without ICU admission the study may be biased by the more severely ill patients. The converse may be true by failing to capture those patients who die without or before ICU admission.
Secondly, the Case Mix Programme database only has two location fields prior to ICU, since it was never intended to capture data prospectively from the ED perspective. Some admissions to ICU originating in the ED will therefore be included as non-ED ICU admissions if the patient has passed through more than two locations between arrival at the ED and admission to ICU. It would seem reasonable that indirect admissions are more likely to have been missed than direct admissions, since they would only require one more location prior to ICU to identify them, incorrectly, as non-ICU admissions. Additionally, in this study, direct admission from ED to ICU includes those patients undergoing surgery or imaging as an intervening step. Those undergoing both surgery and imaging would similarly fail to be included in the direct admission group. This would explain the trauma cases appearing among the non-ED ICU admissions, who would almost without exception have been admitted via an ED.
Interpretation of patient outcome is further limited because baseline physiological data were not available at presentation in the EDs. Patients from differing admission routes are only compared at first presentation to ICU. A patient's response to treatment received during admission to ICU is, in part at least, a function of the care, or indeed the lack of it, received prior to admission. This may result in a discrepancy between observed and predicted outcome, known as lead-time bias. 26 27 In our study, the magnitude and direction of this bias for both direct and indirect ED admissions is unknown. Additionally when considering the predicted mortality, although the UK APACHE II model was developed and validated in the UK, 28 29 bias may be introduced when patients are stratified along routes of admission into three distinct case mix populations.
Future directions
The clinical decision making and organisational factors that determine whether or not a patient is admitted directly to ICU from EDs requires further investigation. Options that could be explored include linking baseline ED data from existing databases, such as the UK Trauma Audit & Research Network, with data from the same hospitals participating in the Case Mix Programme. The prospective study of critically ill and injured patients might allow predictive rules to be developed and validated. More detailed mapping of admission routes for the different diagnostic categories would provide insight into the clinical organisational and decision making processes.
Conclusions
A major challenge in managing critically ill or injured patients is to identify those who would benefit most from admission to ICU, without overwhelming the intensive care services with referrals. A solution may be to target the most frequent conditions that lead to ICU admission, as described by this study, for the development of care pathways. Explicit decision making protocols, endorsed and adopted by key stakeholders would create opportunities for the study, audit, and refinement of the ICU admission process. Better targeting of admissions may result in a more effective use of intensive care facilities, with reduced length of stay in both ICU and hospital, with improved survival.
